It is well known that inventory collection is one of the most demanding tasks for developing a risk scenario, unless extensive information is already available. Existing data from the City Planning Office archives of the Municipality have been utilized in combination with targeted in-situ inspections of selected building blocks, in order to provide an adequate recording of a representative sample of the building stock in the city of Serres (northern Greece) that will later be used for the vulnerability assessment and the loss estimation for selected seismic scenarios within the framework of the research program SeiVAS. More than 2000 buildings have been inspected, accounting for about 20% of the building stock in the city. Recorded data include general information of the buildings (i.e. age, height, use) as well as structural aspects. All data gathered were processed in an in-house developed software application and visualized in space using the ArcGIS platform. An initial grading is given to each building adopting the (Greek) Earthquake Planning and Protecting Organization procedure and the background to be used in the final stages of the research program, utilizing appropriate fragility curves for
Introduction
During the last decades, a growing interest has been observed for seismic risk studies in a number of European cities, particularly those located in the southern part, where earthquake activity and its consequences are significantly higher. The main reason is related to the widely accepted fact that seismic risk scenarios and estimation of the economic and human losses incurred by an earthquake are useful tools for seismic risk management and for prioritizing the pre-earthquake strengthening of the built environment. A decent number of earthquake damage (and loss) scenario studies appeared wherein some of the most advanced techniques have been applied to the urban habitat of European cities [1] [2] [3] [4] [5] [6] [7] [8] .
Several large scale research projects have been carried out in Europe and worldwide focusing on seismic vulnerability and risk analysis of buildings, lifelines and infrastructures. RiskUE (2001 RiskUE ( -2004 [9] and LESSLOSS (2004) (2005) (2006) (2007) [10] evaluated the seismic hazard and structural vulnerability of several European cities in order to estimate the associated seismic risk. NERA (2010) (2011) (2012) (2013) (2014) [11] was an EC infrastructure project that integrated key research infrastructures in Europe for monitoring earthquakes and assessing their hazard and risk. Syner-G (2009 Syner-G ( -2013 [12] focused on the systemic seismic vulnerability and risk analysis of buildings, lifelines and infrastructures providing an open source software tool to evaluate seismic vulnerability and losses considering both physical and socio-economic aspects. The WHE-PAGER project (2007-2011) [13] was an effort to summarize worldwide construction types, building inventory and seismic vulnerability, aiming mainly at the development of a rapid postearthquake casualty estimation program as well as to examine hypothetical scenarios for planning purposes. The Global Earthquake Model (GEM) [14] is a public/private partnership initiated and approved by the Global Science Forum of the OECD-GSF that aims to be the uniform, independent and open access standard to calculate and communicate earthquake hazard and risk worldwide.
In Greece, a number of vulnerability studies that resulted in seismic risk scenarios and loss estimation of the building stock have been carried out for various cities by the Aristotle University of Thessaloniki research team, members of which are included in the authors of the present work. The AUTh team adopts the hybrid approach initially proposed by Kappos et al. [15] , combining the results of inelastic dynamic analyses of typical building classes for selected input motions with available (usually limited) statistical damage data from previous earthquakes. The first applications of this method have been utilizing damage probability matrices (DPM) and was applied to the building stock of Thessaloniki [15] and Volos [16] . Later versions have enhanced the hybrid procedure introducing the use of fragility curves [17, 18] , instead of DPMs, that have been derived for practically all building typologies that are present in the building stock of Greek cities. The first application of the enhanced procedure has been applied once again in Thessaloniki, within the framework of the Risk-UE project [19] where the building stock has been updated to include newer, with regards to the original database, buildings. Probably the most comprehensive application of the AUTh hybrid procedure has been applied to the cities of Grevena (Greece) and Düzce (Turkey) within the framework of the SRM-DGC project [20] and included the latest version of the fragility curves that will also be utilized in this study. An attempt to use the AUTh hybrid approach and develop loss estimation scenarios in cases where the building stock data are not as detailed as desired has been carried out by Karakostas et al. [21] within the MASSIVE project for the cities of Athens (Greece) and L'Aquila (Italy). The same building typologies have also been used by Kappos et al. [22] for direct loss estimation (without the use of DPMs or fragility curves) and comparison with available damage data for the building stock of Ano Liosia (Athens) that was heavily struck by the 1999 Athens earthquake, using several series of seismic hazard scenarios.
Seismic risk scenario projects for the Greek building stock have also been developed by several other researchers. Anagnostopoulos et al. [23] have presented the SEISMOCARE GIS tool, aiming to provide a user friendly, menudriven portable system with built-in as well as user defined functions and assumptions. Eleftheriadou et al. [24] have carried out a large scale project in order to compare the DPM based damage estimates with available data from repair/strengthening or replacement cost in the extended urban region of Athens, struck by the 1999 earthquake.
The SeiVAS project
The study presented herein has been carried out within the framework of the research program SeiVAS: Seismic Vulnerability Assessment of the building stock in the city of Serres (http://seivas.net/), coordinated by the Department of Civil Engineering and Surveying Engineering and Geoinformatics of the T.E.I. of Central Macedonia, Greece, in cooperation with scientists from the Institute of Engineering Seismology and Earthquake Engineering (ITSAK-EPPO) and the Civil Engineering Department of the Aristotle University of Thessaloniki.
The first phase of the project (WP1-WP3) involves the estimation of seismic hazard in the greater area of Serres and the development of a series of seismic scenarios that correspond to various levels of seismic action ( fig. 1 ). Furthermore, utilizing state-of-the-art techniques, the soil profile is identified in several locations of the city, allowing the estimation of the strong ground motion and the development of the corresponding response spectra. The next phase of the project (WP4-WP5) involves the inventory of a reliable sample from the building stock in Serres and the development of a database with all building characteristics that affect their seismic response. Moreover, seismic vulnerability functions are developed, utilizing Greek as well as international experience, tailored to the special characteristics of the buildings stock. Finally, combining the outcome of the aforementioned actions, some series of seismic risk scenarios are developed (WP6), including the estimated losses in monetary terms as well as predictions for the post-earthquake tagging of the buildings. After a brief presentation of the first phase of the project, the paper focuses on the inventory of the building stock and includes some pilot seismic loss scenarios in the next sections.
In order to evaluate properly the seismic risk of the building stock in an urban region, it is imperative to follow a procedure that includes several stages, concerning the area seismicity and the soil deposit characteristics and dynamic response. The first step towards the identification of the most detrimental earthquake scenarios in the investigated area, is to perform a region-specific seismic hazard analysis at bedrock level. The assessment of seismic hazard takes into consideration seismic sources in the broader area and employs suitable ground motion prediction equations. Available seismological information of the area, such as data of historical earthquakes, identified seismic faults, macroseismic observations etc., are properly validated and utilized during the study. After processing all aforementioned data, it is possible to propose seismic scenarios at bedrock level for various selected earthquake return periods. In the next stage of the procedure, a series of geological, geotechnical and geophysical data is utilized in order to determine the soil dynamic properties. First, data from existing geological maps of the area are evaluated, indicating three different geological formations in various city regions. Stiffer soil formations can be detected at the northern part of the city, whereas the southern part is founded on softer recent alluvia. Borehole data inside the urban area derived from existing near-surface geotechnical studies (L1-L4, fig. 2 ), as well as 40-45m deep boreholes at the city ring road that were provided by Egnatia Odos A.E. (L14-L22), produce valuable information that assist the design of the geophysical field measurements. The geophysical survey that follows, comprises both single-station and array type measurements [25] , providing results that concern the soil deposit fundamental frequency and dynamic characteristics with depth.
The final stage of the earthquake identification procedure refers to the estimation of the surface seismic motion, based on the seismic hazard results at bedrock level (soil type A, according to EC8) and the particular soil deposit characteristics of selected sites in the area of interest. One-dimensional soil dynamic response analyses, taking into consideration alternate earthquake levels according to predefined seismic hazard scenarios, result in acceleration timehistories at surface level. Soil non-linearity is accounted for during the numerical investigation, employing equivalent linear soil response based on selected Ggamma-D curves that consider the reduction of soil shear modulus and the increase of material damping with increasing soil shear deformation [26, 27] . The acceleration response spectra calculated at the surface can be further used during the seismic risk investigation of the building stock in the city of Serres. 
Inventory of the building stock
The first, and usually most time-demanding, task required for the development of seismic loss scenarios is related to the collection of reliable data for the building stock; this is a necessary step that is required for the vulnerability and loss assessment in any given area. Existing data from the City Planning Office archives of the Serres Municipality have been utilized but they were rather limited, focusing mainly on newly constructed buildings and changes that took place over the last few years. Moreover, not all buildings in each area (e.g. building block) were covered, whereas information critical for the vulnerability assessment was missing (e.g. structural system). This information has been utilized in combination with targeted in-situ inspections of selected building blocks, in order to provide an adequate recording of a representative sample of the building stock in the city ( fig. 3 ). More than 2000 buildings have been inspected accounting for over 20% of the building stock in the city (2046 buildings located in 164 blocks are included in the present paper while information for about 400 more buildings is currently under process and will be used in the final scenarios of the SeiVAS project). Recorded data include general information of the buildings as well as structural aspects based on the experience of the previous AUTh team projects [17, 18, 20] and the corresponding available vulnerability functions (i.e. fragility curves). A data collection form has been prepared that included:
1. Identification of the building (ID, building block, street name/number); 2. General information that affects the seismic performance (number of storeys, built area, age that can be directly associated with the contemporary seismic code etc.); 3. Structural information such as material (reinforced concrete, masonry, steel etc.), structural system (e.g. moment frame or dual system for R/C buildings), infill walls pattern (bare/regularly infilled/soft storey); 4. Special structural information such as the presence of short columns in R/C buildings, the number of basements if present and the existence of adjacent buildings.
All data gathered were processed in an in-house developed software application ( fig. 4 ) and visualized in space using the ArcGIS platform. The results of the inventory process provides extensive and valuable information regarding the built environment in the city of Serres. For example, figure 5 presents the evolution of the building stock in the 20 th century since nowadays and it is clear that a significant number of old buildings (earlier than the 50s when the first Greek Codes were introduced) is still present. Nevertheless, the comparison with the respective built area reveals that these buildings are usually small, low-rise masonry structures and their significance in monetary terms is greatly reduced. Figure 6 presents the spatial distribution of the building stock with regard to the structural material (URM or R/C) and the seismic code for R/C buildings. 
The EPPO grading procedure
A simplified approach to evaluate the vulnerability of existing buildings is to assign specific score points for each main structural characteristic, based on information derived from a quick inspection. This method results in a single score for the structure which is indicative of the building's resistance capacity during an earthquake event. In the present research, the methodology proposed by EPPO (Earthquake Planning and Protection Organization) [28] , based on the guidelines provided by FEMA 154 [29] , has been applied. According to the EPPO methodology, the properties that mainly affect the score of the building concern the seismic zone of the area, the structural type and the employed Seismic Code. The procedure examines several structural types common in Greece urban areas, such as reinforced concrete bearing systems, either with moment resistant frames or with concrete bearing walls, masonry buildings and steel buildings. With respect to the Seismic Code, the construction period before 1959 lacks any earthquake-related regulations during the design. In 1959 the first guidelines regarding the consideration of seismic loading were introduced, that were later (1985) complemented with some additional clauses. The first coherent Seismic Code was enforced in 1995 and was completed in 2000 reaching each final stage. Structural properties that contribute to the earthquake resistance, such as design according to a modern Seismic Code or reliable bearing system, receive a positive grade, whereas any source of structural vulnerability receives a negative grade. This procedure may present several flaws, with more characteristic the case where a negative total score is calculated for structures of poor structural properties and old age in areas of increased seismicity. Nevertheless, it is a simple and straightforward first approach to evaluate the vulnerability of the building stock of an entire city. 
Discretization into appropriate geographical units
Discretization provides an extensive set of functions and operations through which the desired results for each cell are produced. A discretized cell, having geographical designation, can act as an independent unit. The main feature of this process is the homogeneity of the parameters shown in each cell separately, and which can be processed either independently or associated with the corresponding parameters of other cells. The registered information, derived from recordings at the building level is promoted to the cell level. It should be noted that the important key issue for the use of this method is the concept of precision that is associated with the dimension (cell size), especially when it comes to data derived from stratified random sampling. The geographical units have to be small enough to be able to capture the spatial distribution of the examined information but adequately large in order not to lose much information regarding data with small probability of occurrence [20] (i.e. building classes with a small number of buildings). The stratified random sampling method was chosen for the records of the building blocks. Stratification is the process of dividing the members of the population into homogeneous subgroups before sampling takes into account the study characteristics (in this case the synthesis of the building stock). Due to the fact that the number of registrations (blocks) shows a different result according to the optimal dimension of cells (cell size), analyses were performed for cell size 250 m x 250 m and 500 m x 500 m, considering the average results from the original recordings of blocks characteristics. In this way, the optimal cell size for the needs of this study seems to be the 500 m x 500 m [30] . The form of the urban area in the city of Serres, as that depicted in map level, displays a number of factors directly related to the features of an irregular geometry, which has to do with the development of the city throughout the years. Specifically displays:
1. Irregular complex forms which were developed at later built residential space. 2. Heterogeneity in the form and layout of the built space which coexist with open field spaces and developed residential units before 1923. This means that the form of the urban area is extremely far from homogenous modules [31] , assumption that is made when an analysis based on the concept of the discretization is applied. On this basis and given the fact that the adjacent blocks than the selected ones, will have similar behavior of the studied characteristic (based on stratified sampling), we consider the center of gravity of the block for which we have a record and calculate the influence on the adjacent ones where there are no records using a geostatistical analysis method with the k-nearest neighbor, where k = 1). Thereby, different sized modules are created where all the information is concentrated in the center of gravity of the recorded block and thus each derived module has this information registered. Then the information that is present in each module (and derived from the record of a single building block) is recorded to the adjacent blocks in which there are no records.
The main feature of the modules is the fact that they consist of a pattern, which is repeated in different scales. In this light irregular, complex forms are created, arising from the application of a clear rule that organizes them (k-nearest neighbor with k = 1), and thus characterized by a self-similarity which can be used to derive safe conclusions by using the stratified random sampling method.
All versions of geographical unit discretization will be utilized in the final loss estimation scenarios of the SeiVAS project. The basic scenarios will adopt the 500m grid cell approach since it includes only actually recorded information. This choice provides enhanced information compared to the approach when the building block is used as the geographical unit where data corresponding to rare building classes can easily be lost in favor of the ones that appear more in the building stock.
